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ABSTRACT
Introduction: The Pilates Method may be an appropriate form of exercise for improving trunk muscle
strength, which can be a predictor of pain and musculoskeletal problems. Objective: The objective of this study
was to assess the effects of the Pilates Method on muscle strength and endurance of the extensor and flexor
muscles of the trunk in a group of adolescents. Methods: The sample consisted of 101 high-school students
divided into two groups: an experimental group (EG=81) and a control group (CG=20). The intervention was
carried out twice a week for six weeks. Each session lasted 55 minutes, and was divided into three parts: warmup, main part, and cool down. Muscle strength was assessed by the Sörensen Test and the Bench Trunk-curl
Test. The paired sample T-test, the T- test for independent samples, and Pearson’s correlation coefficient were
applied. The size of the effect (d) was determined. Results: The EG showed significant improvements in both
tests (+34.77 points; +18.55 points, respectively). No changes were observed in the CG. The effect size was high
(d>1.15) for both tests, which means that the results were improved in a large proportion of the participants.
The control group showed a decline in strength of the trunk musculature. In the experimental group, both
boys and girls showed significant improvements in both tests. This strength increase was enhanced for a large
proportion of boys and girls (d>1.15). The effect size was high (d>1.15) for both tests and for both sexes. Conclusion: Six-weeks after implementing the Pilates Method in Physical Education lessons, the muscle strength
of the flexor and extensor muscles of the trunk in adolescents was improved. Level of Evidence II; Therapeutic
studies-Investigation of treatment results.
Keywords: Isometric contraction; Muscle strength; Physical education and training; Health promotion; Exercise therapy.

RESUMO
Introdução: O método Pilates pode ser uma forma adequada de exercício para melhorar a força dos músculos
do tronco, que podem ser um preditor de dor e problemas musculoesqueléticos. Objetivo: O objetivo deste estudo foi
avaliar os efeitos do método Pilates sobre a força muscular e resistência dos músculos extensores e flexores do tronco
em um grupo de adolescentes. Métodos: A amostra foi composta de 101 estudantes do ensino médio divididos em
dois grupos: um grupo experimental (GE = 81) e um grupo controle (GC = 20). A intervenção foi realizada duas vezes
por semana durante seis semanas. Cada sessão durou 55 minutos e foi dividida em três partes: aquecimento, parte
principal e relaxamento. A força muscular foi avaliada com o teste de Sörensen e o teste de flexão abdominal com
apoio de pernas. Para a análise de dados, foram empregados o teste t de amostras pareadas, o teste t para amostras
independentes e o coeficiente de correlação de Pearson. O tamanho do efeito (d) foi determinado. Resultados: O GE
apresentou melhoras significativas em ambos os testes (+34,77 pontos; +18,55 pontos, respectivamente). Não foram
observadas alterações no GC. O tamanho do efeito foi alto (d > 1,15) para ambos os testes, o que significa que os
resultados foram melhores em uma grande proporção de participantes. O grupo controle apresentou declínio da força
muscular do tronco. No grupo experimental, meninos e meninas apresentaram melhoras significativas em ambos
os testes. Esse aumento de força foi atingido por uma alta proporção de meninos e meninas (d > 1,15). O tamanho
do efeito foi alto (d > 1,15) nos dois testes e sexos. Conclusão: Seis semanas depois da implantação do método Pilates nas aulas de educação física, a força muscular dos flexores e extensores do tronco aumentou nos adolescentes.
Nível de Evidência II; Estudos Terapêuticos - Investigação dos resultados do tratamento.
Descritores: Contração isométrica; Força muscular; Educação física e treinamento; Promoção da saúde; Terapia
por exercício.

RESUMEN
Introducción: El método Pilates puede ser una forma apropiada de ejercicio para la mejora de la fuerza de la musculatura del tronco, la cual puede ser un predictor de dolor y problemas musculoesquéticos. Objetivo: El objetivo de este
estudio fue evaluar los efectos del método Pilates sobre la fuerza muscular y la resistencia de los músculos extensores
y flexores del tronco en un grupo de adolescentes. Métodos: La muestra consistió en 101 estudiantes de secundaria
divididos en dos grupos: un grupo experimental (GE = 81) y un grupo control (GC = 20). La intervención se realizó dos
veces a la semana durante seis semanas. Cada sesión duró 55 minutos y se dividió en tres partes: calentamiento, parte
principal y relajación. La fuerza muscular se evaluó mediante la prueba de Sörensen y la prueba de flexión abdominal
con apoyo de piernas. Se aplicaron pruebas t de muestras pareadas t de muestras independientes y el coeficiente
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de correlación de Pearson. Se determinó el tamaño del efecto (d). Resultados: El GE mostró mejoras significativas en
ambas pruebas (+34,77 puntos; +18,55 puntos, respectivamente). No se observaron cambios en el GC. El tamaño del
efecto fue alto (d > 1,15) para ambas pruebas, lo que significa que los resultados mejoraron en una gran proporción
de participantes. El grupo control mostró una disminución en la fuerza de la musculatura del tronco. En el grupo
experimental, tanto los niños como las niñas mostraron mejoras significativas en ambas pruebas. Este aumento
de la fuerza fue mayor para una alta proporción de niños y niñas (d > 1,15). El tamaño del efecto fue alto (d > 1,15)
para ambas pruebas y para ambos sexos. Conclusión: Después de seis semanas de implementar el método Pilates
en las clases de educación física, se mejoró la fuerza muscular de los flexores y extensores del tronco en adolescentes.
Nivel de evidencia II; Tipo de estudio: Estudios terapéuticos - Investigación de resultados de tratamiento.
Descriptores: Contracción isométrica; Fuerza muscular; Educación y entrenamiento físico; Promoción de la salud;
Terapia por ejercicio.
DOI: http://dx.doi.org/10.1590/1517-869220192503163535

INTRODUCTION
Maintaining optimal strength levels in the trunk musculature is
important for functional stability1, preventing spine disorders2, and back
pain2. In addition, it has been linked with the ability to correct posture
and influence the improvement of athletic performance1.
In children and adolescents, trunk muscle strength has shown a
predictive value of back pain and musculoskeletal problems3. Several
studies have demonstrated that a greater trunk strength in children
predicts a lower prevalence of cervical and back pain in adulthood3,4.
Moreover, studies show a relationship between low trunk muscles
strength and the prevalence of lower back pain in adolescents5. Therefore, strengthening programs that include both, deep and superficial
trunk muscles are recommended6. Among these training programs,
we find the Pilates Method (PM), which has been attributed shown to
reduce back pain, improve posture, flexibility, strength, coordination
and balance among several population7. However, there are only few
studies that have actually implement the PM among adolescents8-10,
and any of them assesses abdominal strength, as an important factor
in back pain.
The purpose of this study was set to assess the effect an exercise
routine, based on the Pilates Method, has on muscular strength of the
trunk extensor and flexor muscles among a group of school aged children, in order to prevent back pain in adults.

MATERIALS AND METHODS
This research was developed through a quasi-experimental design
with control group (CG) and experimental group (EG), with pre-test and
post-test, with analysis of intragroup and intergroup measures.
After 6 weeks of exercise with the PM, GE teenagers will improve
significantly in their muscular strenght of the trunk extensor and flexor
muscles; there will be significant differences in the scores of these test
between experimental and control group, and between boys and girls;
and MP is more effective in improving muscular strenght of the trunk
extensor and flexor muscles than other specific programs.
Participants were selected from an elementary education center of
the Region of Murcia (Spain). Inclusion criteria for each student included
parental consent; to be free of musculoskeletal, neurological, cardiac,
metabolic or rheumatic conditions; to actively participating in physical
education sessions and regular evaluations; and to not miss more than
one session of the program (attendance of 91.66%).
Students with prior history of spine pathologies/injuries or who
had received previous treatment for back injuries were excluded from
the study, although they were part of their regular class groups during
training. All parents and/or guardians were informed and signed free
a consent form approved by the “Scientific and Ethical Committee” of
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the San Antonio Catholic University of Murcia (number of the ethics
protocol: EC101701).
The sample consisted of 101 students (59 boys and 42 girls) randomly distributed into two groups: experimental group (EG, n = 81)
and control group (CG, n = 20). The basic characteristics of the samples
are presented in Table 1.
All tests were performed by the same investigator, whose test in
reliability was tested prior to the study with a double-blind study of
30 participants, obtaining a correlation coefficient higher than 95%. All
tests were performed twice with an interval of two weeks. They were
performed without a warm-up and with bare feet.

Height and Weight
Height (cm) and weight (kg) were measured without shoes using
digital medical scale SECA220k (Barcelona, Spain). Body mass index was
calculated as kg-m2.

Sörensen Test
The isometric strength of the trunk extensor muscles was assessed
using the Sörensen Test. This is the most common test performed in
studies evaluating strength of the trunk extensor muscles. Its validity
and reliability has been tested in both adults and adolescents11-18.
Participants laid prone on the examining table with the upper edge of
the iliac crests aligned with the edge of the table. The lower body was
secured to the table by an assistant. With the arms behind the back
the subjects were asked to maintain the upper body in a horizontal
position for as long as possible19. The measurement was recorded in
seconds, and the maximum amount of time was set to 240 seconds
(Figure 1 and 2).

Bench Trunk-curl Test
The strength of the trunk flexor muscles was estimated by the Bench
Trunk-curl test. The Bench Trunk-curl test (BTC) provides a safe exercise to
assess abdominal strength isolating the abdominal muscles and reducing
the involvement of the hip flexors while protecting the back20 and has
shown to be valid and reliable20-22. To perform the test, each subject laid
Table 1. Sample characteristics (Mean ± SD).
CG (n=20 )

EG (n=81)

15.0±0.5

14.4±0.6

Boys

14

45

Girls

6

36

Age
Gender
Weight (kg)

60.8±14.6

63.7±14.6

Height (cm)

163.5±8.3

167.9±8.4

BMI* (kg/m2)

22.5±3.8

22.5±4.3

* BMD= Body Mass Index
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Figure 3. BTC test set position.

Figure 1. Sorensen test set position.

Figure 4. BTC test ejecution

beginning of this project, several meetings were conducted between the
instruction and the research team to determine the exercises that would
be performed during each session and to ensure correct implementation23.

Teaching Development Unit

Figure 2. Sorensen test ejecution.

face up with both legs resting on a 46 cm high chair, with the hips and
knees bent at a 90-degree angle. The arms were crossed over the chest
holding the opposite arm’s elbow (Figure 3). In this position, the subject
performed a trunk curl so that the elbows touched the thigh (Figure 4)
and returned the shoulders to the floor. Each participant performed as
many repetitions as possible during 120 seconds20.

Exercise program
This study was carried out throughout six-weeks, coinciding with the
delivery of an instructional unit. Two 55 minutes sessions were performed
each week. The experimental group participated in the PM instructional
unit and the control group in their regular physical education classes.
All students were asked to attend at least 92% of the lessons, so that
no more than one day was missed by any of the students regardless of
their group assignment.
The EG began the PM instructional unit at a basic level and gradually
incorporated more complex exercises to each session. All sessions were
divided into warm-up, main activity and cool down. The physical education
teacher for each group conducted each instructional units. Prior to the
Rev Bras Med Esporte – Vol. 25, No 3 – Mai/Jun, 2019

The main activity section had a total duration of 41 minutes, accounting for 74.5% of the session. The first six-sessions were designed as an
introduction to breathing techniques, integration of Pilates principles and
a number of basic exercises (supine spine twist, abdominal preparation or
half roll-up, one and double leg kick, swimming, shoulder bridge, half flexion
back sitting, hip raise, hip raises, rolling like a ball, one leg stretch, double
leg stretch, one leg circles and sidekick with extended arms). The following
four sessions, included basic to intermediate exercises and the concept
of a correct segmental placement was introduced. The last two sessions
were used to consolidate the acquired knowledge and put all exercises
learned into practice throughout the session. The cooling-down lasted
seven-minutes and mainly focused on stretching and flexibility exercises.

Statistical analysis
After confirming all variables had a normal distribution, we carried
out a descriptive analysis. A paired sample T-test was used to examine
differences between pre- and post-testing of the Sörensen and Bench
Trunk-curl test. The T- test for independent samples was employed to
determine differences in the same variables between groups. The size of
the effect (d) was determined either for the differences between groups
or for the changes in each group. To establish correlations between the
variables in each group, we used the Pearson’s r correlation coefficient.
The statistical analysis was performed with SPSS 15.0 for Windows (SPSS
Inc., Chicago, IL, USA). The significance level was set at p<0.05.
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RESULTS
Table 2 shows the results of the pre-and post- BTC and Sörensen tests
for both the experimental and control groups. Significant differences
were observed for both the BTC and Sörensen test for the experimental
group. The effect size was high (d>1.15) for both test, which means that
a large proportion of participants improved their results. The control
group showed a decline in muscular strength of the trunk musculature.
This decline however was not statistically significant but the effect size
was high (d>1.15), consequently a large proportion of GC participants
got worse their scores for both test. No significant correlations were
found between variables.
Table 3 shows the test results according to gender. Significant improvements were found among GE boys and girls in the Sörensen and in
the BTC test. This strength increase was enhanced for a high proportion
of boys and girls (d>1.15). The effect size was high (d>1.15) for both test
and for both gender, which means that a large proportion of participant
improved their results. No significant changes were observed among
CG participants, but the size effect was high (d>1.15), so most of them
decreased their strength in both test. Which means large proportion
of subjects to both boys and girls got worse their results for both test.
Table 2. Results of the trunk strength (Mean ± SD).
EG

CG

Sörensen Test
Pre

147.98±70.7

139.40±50.4

Post

182.75±61.0*

114.50±44.8

Pre

57.96±34.5

57.15±35.1

Post

76.51±37.9*

50.05±26.3

BTC

*Significant difference regarding pre-test (p< 0.05)

Table 3. Results of the trunk strength tests according to gender (Mean ± SD).
EG
Boys (n=45)
Pre
Post

144.2±69.8
181.0±59.7*

Pre
Post

71.1±38.4
88.2±39.5*

CG
Girls (n=36)
Boys (n=14)
Sörensen
152.7±72.5
149.5±54.3
184.9±63.4*
115.0±48.2
BTC
41.6±19.1
65.4±38.2
61.9±30.6*
56.9±27.8

Girls (n=6)
115.8±32.3
113.3±39.8
38.0±16.3
34.0±12.9

*Significant differences from the pre-test (p< 0.01).

DISCUSSION
In the present study significant improvements were observed for
both the flexor and extensor trunk muscles for the experimental group,
compared to the control group.
These results support our hypothesis that we mentioned in the
beginning of this article. Moreover, several authors have examined
the benefits of the PM in the general population as well as in children
and adolescents. However, to our knowledge, this is the first study that
has assessed the influence of PM on the strength of the trunk muscles
among adolescents during a physical education class.
There are a number of Pilates programs dedicated to adults, which show positive results in the strength of the trunk flexor muscles.
Despite differences in the population, the two most similar studies,
which use the PM with adults, are those of Kloubec24 and Sekendiz
et al.25. Both of these research studies have the same duration as our
intervention program, and applied similar measuring tools. Kloubec’s24 studied 50 participants between 25 and 65 years old, who
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were involved in a 12 sessions (2 sessions/week, 1h/session) Pilates
intervention. The strength of the trunk flexor muscles was evaluated
with the ‘One minute sit-up test’. Significant improvements were
observed in the experimental group with an improvement of 39%
(34.7 to 48.3 repetitions per minute).
Similarly, Sekendiz et al.25 recruited 38 women who took part in
a five-week Pilates intervention, meeting three sessions per week.
Significant improvement was observed in the one minute Curl-up
test after the five-weeks, with participants in the experimental group
improving by 107%. Even though the percentage of improvement
in the studies by Kloubec24 and Sekendiz et al.25 is larger than in this
study, these differences may be due to the lower strength levels of
their participants at baseline, or differences between the tests applied
to measure abdominal strength. Additional investigators24-28 have
demonstrated positive results in the muscular strength and strength
of the trunk musculature of adults. However, these investigators
applied different measuring protocols, including Isokinetic tests
and pressure biofeedback units (PBU), which makes it impossible to
compare to our findings.
Other training methods have been used to examine the trunk strength of school children. Mayorga et al.29 developed a specific program
of abdominal strength (eight weeks, 14 sessions of 50 minutes), with a
sample of 73 school age children. In this study, a significant improvement of 9% (P=0.01) was observed in the curl-up test among those in
the experimental group (pre-test = 20.30 ± 4.04 repetitions, post-test =
22.1 ± 3.5 repetitions; p=0.01) after the eight-weeks program. In comparison to our study, our program duration was lower, six versus eight
weeks, but we employed the same frequency and duration of sessions.
Thus, we can suggest that a shorter duration program, which is based
on the Pilates method, could promote significant improvements in abdominal strength (23.5% vs. 9%) among school aged youth, compared
to a program developed specifically for abdominal strength, such as
that described by Mayorga et al.29
In addition, Moreira et al.30 analyzed the strength of the flexor
(Webber Kraus Isometric Test) and extensor muscles of the trunk
(Sörensen Test with 180º shoulder flexion) in school-aged youth. The
sample consisted of 58 students (control group=30, experimental
group=28), with an average age of 12 years. They implemented an
intervention program to improve the trunk strength, which was
carried outside of school hours and lasted six-weeks (2 weekly sessions of 60 minutes). The results showed a great improvement in
the trunk strength of the experimental group. The control group
worsened the of the extensor musculature and did not present
changes in the flexor one.
Although their sample is lower and its application is out of school
hours, the characteristics, duration and frequency of the intervention
program is similar to ours. However, the strength assessment of the
trunk flexor muscles becomes difficult to compare with our study, considering they employed an isometric test. Furthermore, in relation to
the trunk extensor muscles, it can be seen that the strength time is
considerably higher in our study than in Moreira et al.30 This difference
remains normal because of the different position of the arms during the
test. Nonetheless, our findings are in agreement with those of Moreira
et al.30 in relation to the improvements of the trunk extensor muscles;
however, our protocol obtained an increase of 23.5% improvement
compared to Moreira et al.30 8.75%.
Although our sample is larger than other similar studies, study’s
limitation could be this one. In further research it would be necessary
an assessment the back pain in order to assessment the effect of the
Pilates Method has on back pain in adolescents.
Rev Bras Med Esporte – Vol. 25, No 3 – Mai/Jun, 2019

CONCLUSIONS
After six-weeks of training within a school-based curriculum, the
Pilates Method seems to provide significant improvements in strength
of the flexor and extensor muscles of the trunk among school aged
children. Based on these findings, and the work of others, we believe

the Pilates Method could be utilized to improve functional stability
and as a preventive tool for spine disorders and back pain among
school-aged children.
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